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(57) ABSTRACT

A planet wheel carrier comprises first and second end-sec-
tions for supporting shafts of planet wheels (113-114) of a
planetary gear so that geometrical rotation axes of the planet
wheels are pithed at substantially uniform intervals on a
periphery of a circle. The planet wheel carrier comprises a
support structure connected to outer rims of the first and
second end-sections and located between the first and second
end-sections in the axial direction and between the planet
wheels in the circumferential direction. The support structure
is so far from the geometrical rotational symmetry axis of a
sun shaft (111) of the planetary gear and the geometrical
rotation axes of the planet wheels are so near to the rotational
symmetry axis of the sun shaft that the diameter (D) of the
planet wheels is capable of being at least 90% of a distance (d)
between the geometrical rotation axes of adjacent planet
wheels.

11 Claims, 3 Drawing Sheets
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PLANET WHEEL CARRIER FOR A
PLANETARY GEAR

FIELD OF THE INVENTION

The invention relates to a planet wheel carrier for a plan-
etary gear. Furthermore, the invention relates to a planetary
gear.

BACKGROUND

A planetary gear comprises a planet wheel carrier, a sun
shaft, a gear ring, and planet wheels supported by the planet
wheel carrier so that the planet wheels are meshing with the
sun shaft and with the gear ring. In cases where the gear ring
is stationary, the gear ratio between the sun shaft and the
planet wheel carrier is Dz/Dg+1, where Dy, is the diameter of
the gear ring and Dy is the diameter of the sun shaft. The
planet wheel carrier in its simple form comprises a first end-
section for supporting first ends of the shafts of the planet
wheels and a second end-section for supporting the second
ends of the shafts of the planet wheels. In many cases, how-
ever, a planet wheel carrier ofthe kind described above can be
mechanically too elastic, i.e. not sufficiently stiff, and thus the
positions of the planet wheels with respect to the sun shaft and
to the gear ring are not necessarily as desired especially
during high load conditions. This may cause excessive wear
of'the teeth of the planet wheels, the teeth of the sun shaft, and
the teeth of the gear ring.

In order to increase the mechanical stiffness, many planet
wheel carriers comprise a support structure that is between
the first and second end-sections in the axial direction of the
planet wheels. An inconvenience related to the support struc-
ture is that it requires room and thus the support structure
limits the maximum diameter of the planet wheels especially
in cases where there are four or more planer wheels. Limiting
the diameter of the planet wheels sets an upper limit to the
gear ratio because the diameter of the sun shaft D cannot be
smaller than:

Dg=2XDppys

where Dy, is the greatest possible diameter of the planet
wheels. Therefore, there is a trade-off between the mechani-
cal stiffness of the planet wheel carrier and the maximum
achievable gear ratio.

Publication JP2007071273 discloses a planet wheel carrier
comprising a support structure that does not essentially limit
the maximum achievable gear ratio but only if the number of
planet wheels is at most three. However, in many cases, there
is a need for at least four planet wheels.

SUMMARY

The following presents a simplified summary in order to
provide a basic understanding of some aspects of various
invention embodiments. The summary is not an extensive
overview ofthe invention. Itis neither intended to identify key
or critical elements of the invention nor to delineate the scope
of the invention. The following summary merely presents
some concepts of the invention in a simplified form as a
prelude to a more detailed description of exemplifying
embodiments of the invention.

In accordance with the present invention, there is provided
anew planet wheel carrier for a planetary gear. A planet wheel
carrier according to the invention is suitable for supporting at
least four planet wheels and comprises:
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a first end-section for supporting first ends of the shafts of
the planet wheels of the planetary gear so that geometri-
cal rotation axes of the planet wheels are pithed at sub-
stantially uniform intervals on a periphery of a circle,

a second end-section for supporting the second ends of the
shafts of the planet wheels, and
a support structure connected to the first and second

end-sections and located between the first and second
end-sections in an axial direction of the planet wheels
and between the planet wheels in the circumferential
direction of the planet wheel carrier.

The support structure is connected to outer rims of the first
and second end-sections and configured to be so far from the
geometrical rotational symmetry axis of a sun shaft of the
planetary gear and the geometrical rotation axes of the planet
wheels are configured to be so near to the geometrical rota-
tional symmetry axis of the sun shaft that a maximum diam-
eter of the planet wheels is capable of being at least 90%, and
more advantageously at least 95%, and less than 100% of the
distance between the geometrical rotation axes of adjacent
ones of the planet wheels. The first end-section is attached to
the support structure so that the first end-section is non-
destructively detachable from the support structure, and the
first end-section comprises separate sectors each of which
comprises a portion for supporting at least one of the first ends
of the shafts of the planet wheels and being attached to the
support structure so that each of the sectors is non-destruc-
tively detachable from other ones of the sectors and from the
support structure.

In the above-described planet wheel carrier, the fact that
the radially outermost parts of the support structure give most
of the contribution to the mechanical stiffness is utilized. In
conjunction with the present invention it has been surpris-
ingly noticed that the radially inner parts of the support struc-
ture which in planet wheel carriers according to the prior art
set an upper limit to the diameter to the planet wheels can be
left out without practically sacrificing the mechanical stift-
ness of the planet wheel carrier.

In accordance with the present invention, there is provided
also a new planetary gear that comprises:

a sun shaft,

a gear ring,

planet wheels, and

a planet wheel carrier according to the invention and sup-
porting the planet wheels so that the planet wheels are
meshing with the sun shaft and with the gear ring.

A number of non-limiting and exemplifying embodiments
of the invention are described in accompanied dependent
claims.

Various non-limiting and exemplifying embodiments of
the invention both as to constructions and to methods of
operation, together with additional objects and advantages
thereof, will be best understood from the following descrip-
tion of specific exemplifying embodiments when read in con-
nection with the accompanying drawings.

The verbs “to comprise” and “to include” are used in this
document as open limitations that neither exclude nor require
the existence of unrecited features. The features recited in
dependent claims are mutually freely combinable unless oth-
erwise explicitly stated. Furthermore, it is to be understood
that the use of “a” or “an” throughout this document does not
exclude a plurality.

BRIEF DESCRIPTION OF THE FIGURES

Exemplifying embodiments of the invention and their
advantages are explained in greater detail below in the sense
of examples and with reference to the accompanying draw-
ings, in which:
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FIGS. 14, 15 and 1¢ illustrate a planetary gear according to
an exemplifying embodiment of the invention,

FIGS. 24 and 25 illustrate a planetary gear according to an
exemplifying embodiment of the invention, and

FIG. 3 illustrates a planet wheel carrier according to an
exemplifying embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

FIGS. 14, 15 and 1¢ illustrate a planetary gear according to
an exemplifying embodiment of the invention. FIG. 1a shows
a view of a section taken along the line B-B shown in FIGS.
16 and 1c¢, FIG. 15 shows a view of a section taken along the
line C-C shown in FIG. 1a, and FIG. 1¢ shows a view of a
section taken along the line A-A shown in FIG. 1a. The
planetary gear comprises a sun shaft 111, a gear ring 112,
planet wheels 113, 114, 115 and 116, and a planet wheel
carrier 101 according to an exemplifying embodiment of the
invention for supporting the planet wheels so that the planet
wheels are meshing with the sun shaft and with the gear ring
as illustrated in FIG. 1. The planet wheel carrier 101 com-
prises a connection section 117 that can be connected to an
external mechanical system, for example but not necessarily,
a rotor of a wind turbine. The planet wheel carrier 101 com-
prises a first end-section 102 for supporting first ends of the
shafts of the planet wheels 113-116 so that the geometrical
rotation axes of the planet wheels are pithed at substantially
uniform intervals on a periphery of a circle. The planet wheel
carrier 101 comprises a second end-section 103 for support-
ing second ends of the shafts of the planet wheels. The planet
wheel carrier 101 further comprises a support structure 104
connected to the first and second end-sections 102 and 103.
The support structure is located between the first and second
end-sections in the axial direction of the planet wheels and
between the planet wheels in the circumferential direction of
the planet wheel carrier. The axial direction is the direction of
the z-axis of a coordinate system 199 shown in FIG. 15. The
circumferential direction is the direction along the circumfer-
ence of the gear ring 112. The support structure 104 is con-
nected to outer rims of the first and second end-sections 102
and 103 as illustrated in FIGS. 1a and 15. The support struc-
ture 104 is configured to be so far from the geometrical
rotation axis of the sun shaft 111 and the geometrical rotation
axes of the planet wheels 113-116 are configured to be so near
to the geometrical rotation axis of the sun shaft that the
maximum diameter D of the planet wheels is capable of being
at least 90%, or more advantageously at least 95%, of the
distance d between the geometrical rotation axes of adjacent
ones of the planet wheels. The maximum diameter D and the
distance d are illustrated in FIG. 1¢. The maximum diameter
D is the diameter of the smallest circle that is capable of
enveloping each of the planet wheels 113-116. Thus, the teeth
of the planets wheels are included in the maximum diameter
D. In the above-described planet wheel carrier 101, the fact
that the radially outermost parts of the support structure 104
give most of the contribution to the mechanical stiffness is
utilized.

FIGS. 24 and 25 illustrate a planetary gear according to an
exemplifying embodiment of the invention. FIG. 2a shows a
view of a section taken along the line B-B shown in FIG. 25,
and FIG. 2b shows a view of a section taken along the line
A-A shown in FIG. 2a. The planetary gear comprises a sun
shaft 211, a gear ring 212, planet wheels 213, 214, 215 and
216, and a planet wheel carrier 201 according to an exempli-
fying embodiment of the invention for supporting the planet
wheels so that the planet wheels are meshing with the sun
shaft and with the gear ring. The planet wheel carrier 201
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comprises a first end-section 202 for supporting first ends of
the shafts of the planet wheels 213-216 so that the geometrical
rotation axes of the planet wheels are pithed at substantially
uniform intervals on a periphery of a circle. The planet wheel
carrier 201 comprises a second end-section 203 for support-
ing second ends of the shafts of the planet wheels. The planet
wheel carrier 201 further comprises a support structure 204
connected to the first and second end-sections 202 and 203.
The support structure is located between the first and second
end-sections in the axial direction of the planet wheels and
between the planet wheels in a circumferential direction of
the planet wheel carrier. The support structure 204 is con-
nected to outer rims of the first and second end-sections 202
and 203 as illustrated in FIG. 2a. The support structure 204 is
configured to be so far from the geometrical rotation axis of
the sun shaft 211 and the geometrical rotation axes of the
planet wheels 213-216 are configured to be so near to the
geometrical rotation axis of the sun shaft that a maximum
diameter D of the planet wheels is capable of being at least
90%, or more advantageously at least 95%, of a distance d
between the geometrical rotation axes of adjacent ones of the
planet wheels. The maximum diameter D and the distance d
are illustrated in FIG. 25. In the exemplifying case illustrated
in FIGS. 2a and 25, the first end-section 202 of the planet
wheel carrier 201 is attached to the support structure 204 so
that the first end-section 202 is non-destructively detachable
from the support structure 204. In the exemplifying case
illustrated in FIGS. 2a and 25, the first end-section 202 is
attached to the support structure 204 with the aid of bolts. One
of the bolts is denoted with a reference number 205 in FIG.
2a. There can be, for example but not necessarily, mutually
matching indentations in the support structure 204 and in the
first end-section 202 so as to transfer torque between the
support structure 204 and the first end-section 202. The fact
that the first end-section 202 can be detached from the support
structure 204 facilitates the maintenance of the planetary gear
because, after removing the end-section 202, the planet
wheels can be removed and installed substantially in the axial
direction of the planet wheels, i.e. the planet wheels can be
removed substantially in the positive z-direction of a coordi-
nate system 299 shown in FIG. 2a and installed substantially
in the negative z-direction of the coordinate system 299.
FIG. 3 illustrates a planet wheel carrier 301 according to an
exemplifying embodiment of the invention. The planet wheel
carrier comprises a first end-section for supporting first ends
of the shafts of planet wheels 313, 314, 315 and 316 of a
planetary gear so that the geometrical rotation axes of the
planet wheels are pithed at substantially uniform intervals on
a periphery of a circle. The planet wheel carrier comprises a
second end-section for supporting the second ends of the
shafts of the planet wheels. The second end-section is not
shown in FIG. 3 but the second end-section can be according
to what is illustrated in FIG. 1a. The planet wheel carrier
comprises a support structure connected to the first and sec-
ond end-sections and located between the first and second
end-sections in the axial direction of the planet wheels and
between the planet wheels in the circumferential direction of
the planet wheel carrier. The support structure is not shown in
FIG. 3 but the support structure can be according to what is
illustrated in FIGS. 1a and 15. In the exemplifying case
illustrated in FIG. 3, the first end-section of the planet wheel
carrier 301 comprises separate sectors 306,307, 308 and 309.
Each of the sectors 306-309 comprises a portion for support-
ing one the first ends of the shafts of the planet wheels, and
each of the sectors 306-309 is attached to the support structure
so that each of the sectors 306-309 is separately and non-
destructively detachable from the support structure. In the
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exemplifying case illustrated in FIG. 3, the sectors 306-309
are attached to the support structure with the aid of bolts. One
of'the bolts is denoted with a reference number 305 in FI1G. 3.
There can be, for example but not necessarily, mutually
matching indentations in the support structure and in each of
the sectors 306-309 so as to transfer torque between the
support structure and the sectors 306-309. The fact that each
of the sectors 306-309 is separately and non-destructively
detachable from the support structure facilitates the mainte-
nance of the planetary gear because, after removing one of the
sectors, the respective planet wheel can be removed and
installed substantially in the axial direction of the planet
wheels, i.e. the planet wheel can be removed substantially in
the positive z-direction of a coordinate system 399 shown in
FIG. 3 and installed substantially in the negative z-direction
of the coordinate system 399. In the exemplifying case illus-
trated in FIG. 3, each sector supports one of the planet wheels.
It is also possible that there are two sectors each supporting
two of the planet wheels.

The first end-sections of the planet wheel carriers 101, 201
and 301 illustrated in FIGS. 1a-1¢, 2a, 2b, and 3 are shaped to
comprise cantilevers protruding towards the geometrical
rotational symmetry axis of the sun shaft so that each of the
cantilevers is configured to support one of the first ends of the
shafts of the planet wheels. In FIG. 3, the cantilevers are
denoted with a reference number 310. The purpose of the
shape comprising the above-mentioned cantilevers is to
maximize the open area surrounded by the first end-section so
as to facilitate the maintenance of the planetary gear.

In the exemplifying planetary gears illustrated in FIGS.
la-1c, 2a, 2b, and 3, the number of the planet wheels is four.
It is, however, also possible that the number of the planet
wheels is more or less than four.

In the exemplifying cases illustrated in FIGS. 1a-1¢, 2a,
2b, and 3, the gear ring is stationary and the planet carrier and
the sun shaft are rotatable. It is also possible that the planet
carrier is stationary and the sun shaft and the gear ring are
rotatable. Furthermore, it is also possible that the sun shaft is
stationary and the planet wheel carrier and the gear ring are
rotatable. Irrespectively whether or not the sun shaft is rotat-
able, the sun shaft has a geometrical rotational symmetry axis
which is mentioned in the appended claims.

The specific examples provided in the description given
above should not be construed as limiting the applicability
and/or interpretation of the appended claims.

What is claimed is:

1. A planet wheel carrier for a planetary gear, the planet
wheel carrier being suitable for supporting at least four planet
wheels and comprising:

a first end-section for supporting first ends of a plurality of
shafts of planet wheels of the planetary gear so that
geometrical rotation axes of the planet wheels are pithed
at substantially uniform intervals on a periphery of a
circle,

a second end-section for supporting second ends of the
shafts of the planet wheels, and

a support structure connected to the first and second end-
sections and located between the first and second end-
sections in an axial direction of the planet wheels and
between the planet wheels in a circumferential direction
of the planet wheel carrier,
wherein the support structure is connected to outer rims

of'the first and second end-sections and configured to
be so far from a geometrical rotational symmetry axis
of'asun shaft ofthe planetary gear and the geometrical
rotation axes of the planet wheels are configured to be
so0 near to the geometrical rotational symmetry axis of
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the sun shaft that a maximum diameter of the planet
wheels is capable of being at least 90% and less than
100% of a distance between the geometrical rotation
axes of adjacent ones of the planet wheels,

wherein the first end-section is attached to the support
structure so that the first end-section is non-destruc-
tively detachable from the support structure, and

the first end-section comprises separate sectors each of
which comprises a portion for supporting at least one
of'the first ends of the shafts of the planet wheels and
being attached to the support structure so that each of
the sectors is non-destructively detachable from other
ones of the sectors and from the support structure.

2. A planet wheel carrier according to claim 1, wherein the
support structure is configured to be so far from the geometri-
cal rotational symmetry axis of the sun shaft and the geo-
metrical rotation axes of the planet wheels are configured to
be so near to the geometrical rotational symmetry axis of the
sun shaft that the maximum diameter of the planet wheels is
capable of being at least 95% of the distance between the
geometrical rotation axes of adjacent ones of the planet
wheels.

3. A planet wheel carrier according to claim 2, wherein the
first end-section is shaped to comprise cantilevers protruding
towards the geometrical rotational symmetry axis of the sun
shaft so that each of the cantilevers is configured to support
one and only one of the first ends of the shafts of the planet
wheels.

4. A planet wheel carrier according to claim 1, wherein the
first end-section comprises separate sectors each of which
comprising a portion for supporting at least one of the first
ends of the shafts of the planet wheels and being attached to
the support structure so that each of the sectors is non-de-
structively detachable from the support structure.

5. A planet wheel carrier according to claim 4, wherein
each of the sectors of the first end-section is configured to
support one and only one of the first ends of the shafts of the
planet wheels.

6. A planet wheel carrier according to claim 5, wherein the
first end-section is shaped to comprise cantilevers protruding
towards the geometrical rotational symmetry axis of the sun
shaft so that each of the cantilevers is configured to support
one and only one of the first ends of the shafts of the planet
wheels.

7. A planet wheel carrier according to claim 4, wherein the
first end-section is shaped to comprise cantilevers protruding
towards the geometrical rotational symmetry axis of the sun
shaft so that each of the cantilevers is configured to support
one and only one of the first ends of the shafts of the planet
wheels.

8. A planet wheel carrier according to claim 1, wherein
each of the sectors of the first end-section is configured to
support one and only one of the first ends of the shafts of the
planet wheels.

9. A planet wheel carrier according to claim 8, wherein the
first end-section is shaped to comprise cantilevers protruding
towards the geometrical rotational symmetry axis of the sun
shaft so that each of the cantilevers is configured to support
one and only one of the first ends of the shafts of the planet
wheels.

10. A planet wheel carrier according to claim 1, wherein the
first end-section is shaped to comprise cantilevers protruding
towards the geometrical rotational symmetry axis of the sun
shaft so that each of the cantilevers is configured to support
one and only one of the first ends of the shafts of the planet
wheels.



US 9,347,546 B2

7

11. A planetary gear comprising: a sun shaft, a gear ring, at
least four planet wheels, and a planet wheel carrier supporting
the at least four planet wheels so that the planet wheels are
meshing with the sun shaft and with the gear ring, the planet
wheel carrier comprising:

a first end-section supporting first ends of a plurality of
shafts of the planet wheels so that geometrical rotation
axes of the planet wheels are pithed at substantially
uniform intervals on a periphery of a circle,

a second end-section for supporting second ends of the
shafts of the planet wheels, and

a support structure connected to the first and second end-
sections and located between the first and second end-
sections in an axial direction of the planet wheels and
between the planet wheels in a circumferential direction
of the planet wheel carrier,

wherein the support structure is connected to outer rims of
the first and second end-sections and is so far from a
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geometrical rotational symmetry axis of a sun shaft of
the planetary gear and the geometrical rotation axes of
the planet wheels are so near to the geometrical rota-
tional symmetry axis of the sun shaft that a maximum
diameter of the planet wheels is capable of being at least
90% and less than 100% of a distance between the geo-
metrical rotation axes of adjacent ones of the planet
wheels,
wherein the first end-section is attached to the support
structure so that the first end-section is non-destruc-
tively detachable from the support structure, and
the first end-section comprises separate sectors each of
which comprises a portion for supporting at least one
of'the first ends of the shafts of the planet wheels and
being attached to the support structure so that each of
the sectors is non-destructively detachable from other
ones of the sectors and from the support structure.
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